Individuals with multiple sclerosis (MS) are often advised not to participate in vigorous exercise. Leading a relatively sedentary life, however, may exacerbate the debilitating effects of MS. In this study, 22 people participated in either a no-special-activity group (n = 11) or an experimental group (n = 11) that involved water aerobics three times a week for 10 weeks. Measures taken included scales for health-related quality of life (HRQOL) and psychological well-being. ANCOVAs using social support and the appropriate pretest scores as covariates revealed that after the intervention, the exercise group had more energy and vigor (extremely large effect sizes). Other very large effects were found in the exercise group, which had better social and sexual functioning and less bodily pain and fatigue than the control group. Future research should involve long-term studies to determine whether exercise not only improves quality of life but also helps slow the progression of disease.
Many people with MS have a life expectancy close to normal (Olek, 1999) ; however, the disease presents individuals with a wide variety of unpredictable clinical features. MS symptoms often show up without warning and the symptoms may then relapse, progress, or spontaneously remit. People with MS often report motor abnormalities, visual and sensory dysfunction, and deterioration in bowel, bladder, and sexual function (Lechtenberg, 1995) . One of the most common symptoms reported by people with MS is excessive fatigue, and in some cases it is the only disabling feature (Krupp, Alverez, LaRocca, & Scheinberg, 1988; Monks, 1989) . It is therefore not surprising that the primary concern of many people with MS is to limit activities that are likely to exacerbate the symptoms of fatigue.
The relationship between exercise and mental health has been widely researched, and theoretical models (Byrne & Byrne, 1993; Paluska & Schwenk, 2000; Weyerer & Kupfer, 1994) suggest that exercise has psychological benefits for both clinical and nonclinical populations. Current models indicate that physical activity is associated with several key markers of psychological well-being and health-related quality of life such as mood, anxiety, depression, self-perceptions, and subjective well-being. Both physiological and psychosocial mechanisms have been posited to explain the psychological health benefits of exercise (summarized in Morgan, 1997) . Much of the research has attempted to isolate single mechanisms (e.g., thermogenic or endorphin hypotheses), yet it is far more likely that different mechanisms work in concert with one another, possibly in an interactive manner. Although the exact process by which exercise promotes changes in psychological well-being is uncertain, the value of exercise for enhancing mental health status is clear.
Exercise, however, is an activity that people with MS have traditionally avoided. Individuals with MS, regardless of disability level, engage in fewer recreational activities than the general population (Ng & Kent-Braun, 1997; Stuifbergen, 1997; Stuifbergen & Roberts, 1997) . This restriction in physical activity is often on the advice of health care professionals who regularly warn newly diagnosed individuals of the risks associated with elevated body temperature and physical exertion. Unfortunately, physical inactivity may contribute to more significant health consequences such as developing other chronic conditions associated with sedentary living, as well as increasing muscle weakness, atrophy, and fatigue (Pate, Pratt, & Blair, 1995) . The unpredictable nature of MS related disabilities, combined with the increasing physical limitations of inactivity, may also pose potential psychological sequelae for affected individuals.
Research investigating chronic illnesses has shown that disorders presenting with multiple problems, such as MS, dramatically reduce quality of life (Freeman, Langdon, Hobart, & Thompson, 1996; Rudick, Miller, Clough, Gragg, & Farmer, 1992) . Leading a sedentary life may compound such problems in that inactivity is associated with depressed mood, diminished sociability, and a decline in general well-being (Stewart & King, 1991) . Although some health care providers continue to recommend limiting recreational activities, contemporary opinion is changing. Recent clinical investigations indicate that regular participation in aerobic exercise may benefit the MS population (Petajan, Gappmaier, White, et al., 1996; Stuifbergen, 1997) .
The literature recommending exercise prescription for people with MS has only recently emerged (Petajan & White, 1999; Rosenthal & Scheinberg, 1990 ), yet research on the exercise responses of persons with MS is not new. Much of the work, however, has employed acute exercise protocols in order to observe manifestations of the disease under physiologically stressful conditions (Foglio, Cini, Faccetti, et al., 1994; Pepin, Hicks, Spencer, Tran, & Jackson, 1996; Ponichtera-Mulcare, Glaser, Mathews, & Camaione, 1993; Ponichtera-Mulcare, Mathews, Glaser, & Gupta, 1995) . Other studies employing long-term exercise programs (4 weeks to 6 months) have also predominantly focused on physiological outcomes, such as VO 2 max (Gappmaier, Spencer, White, et al., 1994; Gehlson, Grigsby, & Winant, 1984; Ponichtera-Mulcare, Mathews, Barret, & Gupta, 1997) . The research has helped to establish that people with MS can tolerate regular, moderate intensity exercise without detrimental effects to symptom stability, but past studies have largely ignored the effects of exercise on psychosocial aspects of health and well-being.
Quality-of-life measures are increasingly being considered as complementary, and in some cases alternative indicators of the effectiveness of clinical trials and interventions. In particular, health-related quality of life (HRQOL) has been identified as an important factor for clinical research in MS because it allows a broader measure of how a person feels in the physical, mental, and social aspects of life after an intervention such as exercise (Nortvedt, Riise, Myhr, & Nyland, 1999) .
Research on the effects of exercise on psychological functioning in MS is mostly limited to assessments of physical rehabilitation programs (Di Fabio, Choi, Soderberg, & Hansen, 1997; Di Fabio, Soderberg, Choi, Hansen, & Schapiro, 1998; Freeman, Langdon, & Hobart, 1997; Jonsson, Dock, & Ravnborg, 1996; Solari, Fillipini, Gasco, et al., 1999) . These studies have generally found that physical rehabilitation improves physical and mental health as well as vitality and social function. In much of the research, however, the benefits must be considered a function of the multidisciplinary nature of the programs. The interventions have tended to include exercise along with physiotherapy, occupational therapy, postural and gait control strategies, and in some cases pastoral care and social support services.
To date, only one published study has investigated the effects of exercise training on fitness and HRQOL in multiple sclerosis. Petajan et al. (1996) found that 15 weeks of aerobic exercise significantly improved cardiovascular fitness and physical function; there were also significant reductions in depressed mood, anger, and fatigue, as measured by the Profile of Mood States (McNair, Lorr, & Droppleman, 1971) . The methodological design of the study, however, did not control for initial differences between the treatment and control groups. Petajan et al. also noted that the social interaction promoted by the program (participants exercised in groups) may have obfuscated the effects of exercise alone. Nevertheless, such positive findings have provided a foundation for investigating exercise as a complementary therapy for people with MS, not only for counteracting the physical limitations imposed by the disease but also for enhancing psychological well-being.
The present study was concerned with the influence of aerobic exercise on psychological well-being and HRQOL of individuals affected with MS. Mild to moderately disabled persons participated in 10 weeks of an aerobic exercise program to determine the effects on mental health status as measured by the Multiple Sclerosis Quality of Life-54 (MSQOL-54; Vickrey, Hays, Harooni, Myers, & Ellison, 1995) and the Profile of Mood States-Short Form (POMS-SF; Shacham, 1983) . To control for the effects of social support, the Multidimensional Scale of Perceived Social Support (MSPSS; Zimet, Dahlem, Zimet, & Farley, 1988 ) was used as a statistical control. This study, by assessing the effects of an exercise program on HRQOL of individuals with MS, tested the prediction that exercise can have a positive effect on psychosocial functioning.
Method

Participants and Measures
A total of 22 persons with MS (12 women, 10 men) participated in the study. Participants were recruited through the Multiple Sclerosis Society of Victoria (MSSV), matched according to age and gender, and randomly assigned to either the treatment (n = 11) or control group (n = 11). Participants were selected according to a clinically confirmed diagnosis of MS, with a Kurtzke (1983) Expanded Disability Status Score (EDSS) of 5.0 or less, and had not been involved in an exercise program for 6 months prior to the study.
Two questionnaires assessing psychological health were used to determine the influence of the exercise intervention on factors relating to HRQOL and wellbeing.
Health-Related Quality of Life (HRQOL).
The Multiple Sclerosis Quality of Life-54 (MSQOL; Vickrey et al., 1995) was used to measure HRQOL. The test includes a generic HRQOL instrument (Rand 36-item health survey 1.0; Hays, Sherbourne, & Mazel, 1993) with additional items relevant to people with MS (e.g., cognitive and sexual function). The questionnaire was modified, in this study, by omitting one item in the overall quality-of-life subscale. The item based on a graphical representation of quality of life was omitted in favor of the semantic differential item. The questionnaire used in this study contained 53 items distributed into 11 subscales: physical health, role limitations due to physical problems (RLPP), role limitations due to emotional problems (RLEP), pain, emotional well-being, energy, health perceptions, social function, cognitive function, health distress, and sexual function; and three single-item subscales: overall quality of life, change in health, and satisfaction with sexual function. Participants responded to "Yes" or "No" questions and items on a Likert scale ranging from 3 to 7 depending on the subscale. Previous research has shown internal consistency reliability estimates ranging from .75 to .96 and test-retest correlation coefficients ranging from .66 to .96 (Vickrey et al., 1995) . Preexercise measures of internal consistency estimates (Cronbach's alpha) in this study ranged from .56 to .94.
Mood. The Profile of Mood States (POMS) is a reliable and well-validated measure of affective states. The Profile of Mood States-Short Form (POMS-SF; Shacham, 1983) consists of 37 adjectives designed to assess the following six moods or affective states: tension (6 items), depression (8 items), anger (7 items), vigor (6 items), fatigue (5 items), and confusion (5 items). Two adjectives were adjusted to suit an Australian sample ("bushed" was changed to "tired," and "full of pep" was changed to "full of energy"). Responses on a 5-point Likert scale indicate the participant's level of agreement with each item ranging from 1 (not at all) to 5 (extremely). Reliability estimates indicated a high internal consistency for the POMS-SF in this study, with alpha coefficients ranging from .70 to .93 at baseline.
Social Support. A measure of social support, the Multidimensional Scale of Perceived Social Support (MSPSS; Zimet et al., 1988 ) was used as a statistical control for the potential effects of an increased social network associated with group exercise. The 12-item scale measures three potential sources of support: family, friend, and significant other. Participants responded to a 7-point Likert format ranging from 1 (strongly disagree) to 7 (strongly agree), with higher scores (possible range from 12 to 87) indicating greater perceptions of social support. The total score for perceived social support was used in the analysis. Previous research has demonstrated that the MSPSS is a valid and reliable indicator of perceived social support (Kazarian & McCabe, 1991) . Internal consistency reliability estimates for preexercise measures for the MSPSS ranged from .89 to .95.
A continuous, submaximal bicycle ergometer exercise test was used to evaluate changes in aerobic fitness for the exercise group over the course of the training program. The exercise test was only used as a manipulation check to observe changes in physical fitness as a result of participating in 10 weeks of exercise training. Therefore, participants in the control group did not perform the exercise test.
Procedure
Participants were recruited from the surrounding community through the MSSV registration database. People with MS voluntarily register at the MSSV, and because information in the database is confidential, potential participants were identified, according to the selection criteria (confirmed diagnosis of MS and EDSS score of 5.0 or less). Then either the research coordinator or the physiotherapists at the MSSV mailed letters to them detailing the study. Those individuals interested in participating were asked to contact the researcher. Individuals participating in the exercise program obtained medical clearance from their physicians and signed informed consent statements. Participants in the control group agreed not to alter their current level of physical activity for the duration of the program.
All participants were mailed the psychological instruments at home and returned them either by reply-paid envelope or directly to the researcher. Questionnaires were completed at baseline and at Week 8 of the 10-week program. Final measures were taken at Week 8 because recent research has demonstrated that anticipation of the end of the program, together with the removal of social support associated with exercising in a group, may have a negative effect on aspects of psychological health (Petajan et al., 1996) .
Participants in the treatment group undertook a continuous, resistanceincremented, cycle ergometer submaximal exercise test prior to and following the training program. After a warm-up, they began at a workload of 30 W, which was increased to 40 W after the first minute. After each subsequent 1-minute interval the resistance was increased by 20 W, while the speed remained constant. Ratings of perceived exertion (RPE) were measured using the Borg 15-point scale (Borg, 1970) , and recorded at each minute until the test was terminated when participants indicated they were working at a rating of 17 (very hard). Time to termination was then recorded, and the data were used to evaluate changes in aerobic capacity for the treatment group.
The aerobic exercise program consisted of 3 supervised training sessions a week for 10 weeks. Apart from 5 sessions during Weeks 5 and 6 of the program, which involved land-based weight training, the program was conducted in water.
The activities undertaken during the sessions included water aerobics, water jogging, and deep water running. As Rosenthal and Scheinberg (1990) stated in their guidelines for exercise prescription for patients with MS, exercise in water is the most appropriate exercise modality because it provides maximal total body exercise, minimal joint stress, and optimal heat dissipation. Each 45-minute session included a 5-minute warm-up and cool-down, as well as stretching concentrating on the major muscle groups.
Analysis
A paired samples t-test was conducted on time (minutes) to voluntary termination for the submaximal exercise tests to measure changes in aerobic fitness. Effect size (Cohen's d) was calculated to examine the magnitude of change.
Analyses of covariance were used to assess group (treatment vs. control) differences for HRQOL and measures of psychological well-being after the intervention. Social support was used as a covariate, along with pretest measures of HRQOL and psychological well-being to control for initial differences between the two groups. By using the above covariates, the results allow for a quantifiable interpretation of how different the two groups were after the exercise program. The results for the psychological measures primarily focus on effect sizes in the form of  2 . Although the traditional method of determining significance (p < .05) is also reported,  2 is a more relevant statistic because it represents the amount of variance in a variable accounted for by group membership (i.e., being in the control or exercise group). Researchers have proposed that  2 is a useful indicator of effect size because it explains the strength of association between variables (Tabachnick & Fidell, 1996) . In the social sciences, if 15% of the variance in a variable is accounted for by group membership ( 2 = .15), it is considered a medium to large effect (Cohen, 1988) .
Results
Participants
All 22 participants originally recruited for the study were included in the analysis. The exercise group adhered well to the program, with participants attending an average of 27 out of a possible 30 sessions over the course of the 10-week program. No one missed more than 3 consecutive sessions. Participant characteristics were similar across both groups and are summarized in Table 1 . There was no significant difference between groups for the demographic variables at baseline. Comparisons of time to voluntary termination of the exercise test at baseline and at Week 10 indicated that the participants in the exercise program improved physical fitness over the course of the 10-week training period, t = -1.55, p = .15, d = .47 (preexercise M = 5.2, SD = 1.4; postexercise M = 6.0, SD = 2.0). Although the change in fitness scores did not reach statistical significance, according to Cohen's conventions (Cohen, 1988) , a d of .47 is in the medium range and indicates a difference of 18 percentile points between the groups.
Nine of the 11 dimensions on the MSQOL showed at least a medium effect, indicating improvements in physical, social, and mental health for the exercise group compared to the control group. Results of note include the very large effect for the bodily pain ( 2 = .29) and sexual function subscale ( 2 = .21). The energy subscale on the HRQOL measure showed an extremely large effect ( 2 = .51), with 50% of the variance in energy accounted for by group membership. This substantial effect was replicated on the vigor subscale of the POMS-SF ( 2 = .55). Furthermore, all aspects of mood, as measured by POMS-SF, demonstrated medium effects except for the confusion subscale ( 2 = .01). Means and standard deviations for each score (pre-and postintervention) for each group are presented in Table 2 . F-values, significance levels, and effect sizes for the MSPSS, MSQOL, and POMS-SF are presented in Table 3 .
Discussion
The results from this study indicate that aerobic exercise can alter HRQOL and psychological well-being for people with MS. The HRQOL measures improved (by effect size standards) for the exercise group in all but the "cognitive function" and "role limitations due to physical problems (RLPP)" subscales of the MSQOL. The medium effects for the "physical health," "health perceptions," and "health distress" subscales of the MSQOL indicate an increase in overall physical health status for individuals in the treatment group. The positive changes reflect perception of improved health status and fewer limitations related to performing day-to-day activities. Improvements in aerobic fitness as a result of the training program more than likely contributed to the positive changes in physical function as measured by the MSQOL. Improved physical function, however, did not seem to affect the way in which participants reflected on role limitations imposed by physical problems. This result suggests that although exercise may reduce the limitations related to specific physical tasks such as bathing or dressing, it may not necessarily change people's view of the limitations imposed by the physical manifestations of the disease (all the participants had been living with MS for several years). This coincides with previous descriptive research which has found that self-reported limitations in physical function are not correlated with role limitations due to physical problems, particularly in less disabled individuals with MS (Nortvedt et al., 1999) .
Also of note in the HRQOL measures is the large effect for the bodily pain subscale. The difference for pain between exercisers and nonexercisers was statistically significant, and nearly 30% of the variance was accounted for by group membership. There was also a very large effect for the sexual function subscale. These results suggest that exercise may be a viable therapy for symptoms that are often considered secondary responses to MS in terms of priority for medical treatment. Nonspecific, chronic pain and sexual dysfunction are commonly reported by people with MS. These have the potential to affect well-being and are also at least partially affected by other psychosocial factors. Aspects of HRQOL and mood may therefore have been affected by decreases in pain and improvement in sexual function, just as these variables may have had a positive, indirect influence on other psychological factors. With over 90% of men and 70% of women reporting sexual dysfunction with MS (Schapiro, 1994) , it is unusual that the relationship between sexual function and quality of life is an area that is rarely explored in MS research.
The energy subscale on the MSQOL in conjunction with the vigor subscale on the POMS showed the largest effects, with over 50% of the variance in these variables accounted for by group membership. The fatigue subscale of the POMS-SF also showed a large effect, indicating a reduction in fatigue for the exercise participants. These results may have important implications, considering that approximately 80% of the MS population report symptoms of fatigue that affect quality of life to varying degrees (Krupp et al., 1988) .
The finding that exercise may increase energy and vigor is in strong contrast to the commonly held belief that to combat fatigue related difficulties, people with MS should avoid physical activities. This finding, in conjunction with previous results demonstrating the beneficial effects of exercise on symptoms of fatigue (Petajan et al., 1996) , shows that people with MS may benefit from participation in physical activity. It is also probable that the changes in energy and vigor, along with a decrease in the fatigue scale of the POMS-SF, may have led to other positive changes in HRQOL and psychological well-being, as evident in this research.
It is likely that change in the level of physical activity for the exercise group affected energy, vigor, and fatigue due to a reversal of some of the effects of sedentary living. It is also possible that the way the exercise program was prescribed may have influenced participants' perception of fatigue. The emphasis of the program was based on functional outcomes as measured by the HRQOL scales, rather than on physiological outcomes, in that heart rate measures were not recorded and specific training intensity zones were not specified. Physical fitness was a tertiary variable of interest in this study, and the training was designed to be an enjoyable experience in an environment in which people with disabilities felt comfortable.
Researchers have indicated that perception of mastery, competence, and enjoyment in physical activity may actually be the source of what is believed to be exercise-induced changes in psychological health (Wankel, 1993) . Previous research has also reported that fatigue in MS may be associated with low mastery of one's environment (Schwartz, Coulthard-Morris, & Qi Zeng, 1996) . Although the results from this research indicate that improved energy and vigor, along with a reduction in fatigue, may be related to enhanced aerobic capacity, it is possible that the positive changes may come from a sense of mastery and control gained from participating in aerobic exercise. Di Fabio et al. (1997) , in their research investigating physical rehabilitation with individuals severely affected with MS, supported the notion that mastery may help decrease fatigue.
Regardless of the mechanism at work, the finding that exercise can reduce fatigability and increase energy is a significant result in the investigation of the effects of exercise on psychological well-being in MS. The significance of the result is highlighted by recent research demonstrating that fatigue, as measured by several scales, is the single most significant indicator of mental health status in MS (Ritvo, Fisk, Archibald, Murray, & Field, 1996) . The importance of managing fatigue has not been lost on pharmaceutical companies that have developed drugs to alleviate these symptoms. The clinical trials with these drugs have shown limited success, however, revealing possible side-effects that might affect well-being to the same extent as the fatigue itself (Cohen & Fisher, 1989) . The results from this investigation suggest that exercise may help people with MS counteract fatigue related problems.
The exercising participants also experienced improvements in mood as measured by the POMS-SF, which replicated the results of previous research (Petajan et al., 1996) . As discussed, the vigor and fatigue subscales showed very large effects and large effects, respectively, along with some reductions in tension, anger, and depression. Research has not determined whether depressed mood in MS is associated with neurological impairment, psychosocial factors, or a combination of both (Minden & Schiffer, 1990) . In terms of psychosocial factors, research suggests that the prevalence of depressed mood in the MS population may be a result of the helplessness associated with the unpredictability of symptoms and disease progression (Shnek, Foley, LaRocca, Smith, & Halper, 1995) . The reduction in depressed mood for the treatment group in this study may indicate that being physically active promotes a sense of control over some aspects of the disease process, particularly physical health.
The findings of this research are distinctive because social support was used as a covariate. Thus the positive results are more likely to be due to the effects of the exercise program rather than to the influence of social interaction on well-being. The findings also suggest that increased aerobic capacity may be a mediating factor in demonstrating improvements in psychological well-being with aerobic training. Participants in the training program did increase fitness, as indexed by improved performance on the cycle ergometer test. Psychological benefits from exercise programs, however, are likely to be mediated by a variety of sources. Previous researchers have indicated that the psychological health benefits of physical activity may not necessarily be associated with, or dependent on, improved aerobic fitness (Plante, Lantis, & Giancarlo, 1998) . It may be that other factors such as increased self-confidence and mastery associated with participating in physical activity are responsible for improved HRQOL and psychological well-being.
The small sample size in this research limits the generalizability of the results. In addition, because the participants were relatively ambulatory, it is not clear whether the positive results would be applicable to an MS population with more severe disabilities. Therefore, additional research is needed to explore the influence of physical activity on HRQOL for people with MS with a range of impairment levels. At present, however, exercise appears to be an effective complementary therapy in MS, at least for those with low to moderate EDSS scores. Although exercise may not be an attractive option for all individuals, most people with MS, particularly those in urban areas, who want to participate in exercise have access to public facilities where swimming and aquatic aerobic programs are available.
Clinical Implications
Researchers are increasingly recognizing that treatment and care of individuals with chronic illnesses involve more than the traditional model of intermittent acute care. Attention is shifting from the traditional study of medical treatments and is being directed toward effective symptom management and HRQOL issues. The results from this study show the contribution that an exercise program can make as a therapy for people with MS. Exercise may be a beneficial adjunct to medical therapies, in that it is noninvasive and avoids the potentially negative effects of some medications designed to alleviate MS symptoms. Because of disabilities such as spasticity and impaired coordination, land-based aerobic exercise may not always be a viable option for people with MS, but aquatic activities offer more possibilities for disabled people to participate in physical activity. This study demonstrates that exercise may make a positive difference in quality of life even for those whose abilities are not severely affected by the disease.
Conclusion
Overall, results from this study indicate that 10 weeks of aerobic exercise can improve HRQOL and psychological well-being for people with MS. The changes appeared to be mediated by a number of factors including, but not limited to, gains in physical fitness. Increases in energy and vigor and a reduction in fatigue are the most remarkable findings, and support the use of exercise as a complementary therapy for counteracting the many difficulties that disrupt day-to-day living for people with MS. This study contributes to the growing body of literature that looks beyond traditional models of care for persons with chronic illness.
Because of the changing and degenerative nature of MS, future outcome studies should employ longitudinal research designs over an extended duration, say, 2 or 3 years. There remains much scope for research on MS, exercise, and quality-of-life issues. In particular, there is the opportunity to explore whether the progression of the disease may be substantially decelerated by participation in long-term, regular physical activity.
